INTRODUCTION
The scattering of a plane wave by a finite-length, acoustically hard, hollow circular tube is analyzed by a Chebyshev-Galerkin method recently applied to the related electromagnetic boundary value problem.
• In addition to the historical and general theoretical references cited by Davis and Scharstein,J current papers 2-5 indicate that a complete and careful treatment of this canonical geometry is valuable in a variety of acoustic scattering and radiation studies. In the present paper, no a priori or restrictive assumptions related to approximate end effects, small slenderness ratio (a/L), or low-frequency (kL) operation are made in the mathematical analysis. However, in efficiently arranging and testing the numerical algorithms that implement the analysis, sample cases having a diameter to total length (radius to half-length) ratio ally<0.5 and a total phase length 2kL •< 20 (total length of about 3 free-space wavelengths) are chosen. Acoustically larger tubes are certainly amenable to this method, but at a cost of an increase in computer resources or a decreased confidence in the numerical accuracy. As kL (or ka) becomes very much larger, some high-frequency asymptotics should logically be applied. One important contribution of this geometry specific research is the ability to treat such intermediate frequencies, and therefore serve as a transition between the lower frequency finite element methods and the higher frequency ray methods.
A Simplified expressions for the efficient evaluation of the total scalar field on the axis of the hollow tube, at any axial distance, are derived in Sec. II. In Sec. III, the method .of stationary phase is used to asymptotically evaluate the tar scattered field from a spectral representation in Sec. I. Selected graphical results of the induced surface layer distribution (discontinuity in surface pressure) are presented in Sec. IV, as are graphs of the on-axis near field and the angular variation of the far scattered field. A qualitative interpretation of the sources and structure of the standing waves in and around the tubular scatterer is discussed in Sec. V. 
is automatically satisfied by (7). Across the hard surface S, the acoustic pressure field suffers a jump discontinuity represented by the surface layer Enforcement of boundary condition (4) upon the sum of the scattered field in terms of (6), (7), and (13) 
A set of linear equations follows from taking the inner product of (16) Magnitude of the total on-axis field of (26) is graphed in Fig. 3 In the interior region of a long, hard-walled cylinder, the discrete sum of waveguide modes is a complete representation of any source-free field. To the contrary, in the unbounded region exterior to such a perfectly hard tube, the eigenspectrum is a continuum of elementary wave fields. This is added physical motivation for the initial Fourier integral representation of (7) --bcz) components. In any event, the occurrence of the  higher magnitude a[ on the exit end (z-, --L) of the tube   than on the entrance end (z--,L) , as in Fig. 2, is found in 
Vl. CONCLUSIONS
The convergent sequence of Galerkin coefficients in the Chebyshev polynomial expansion of the equivalent surface layer distribution provides a sound basis for scattered field computations. This solution of the Neumann boundary value problem permits a complete parametric study of the acoustic interaction between an arbitrarily incident plane wave and an important scatterer geometry. The mathematical analysis implicitly includes all of the wave physics, such as the interior and exterior traveling wave interaction between the tube ends plus all of the curved surface and edge diffraction mechanisms.
